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^TCTALL007p,P"IC  MKTHCDS 

Polishing Procedure for  MetPlloeraohic 
ETnmlnatlor of  Crmentod Carbides 

OBJECT 

To establish a  satisfactory orocrdure for polishing 
cen^ntpd carbide Borcimrns for metalloeraphlc examination. 

SUMMARY 

Search of   thr literature and  consultation with representatives 
of manufacturers of cemented tungsten enrbide   tool  tins revaled a 
wide variety of polishing orocdures for the twemrntion  of metal- 
lorr^nhic snecimenB of cemented cerbidr«,    \fter enreful  study of 
the varintions   in these oolishlne technioues,  a method wns evolved 
which,   it  is believed,  embraces the best nortlon« of these procedures. 
This method Is  c*o*ble  of croducine a oolished 8urface  on  cemented 
cerbid^ s  th"t  la fre»>  of scratches at "  magnification of T1500. 
Porositv   is revealed by ohotogr^ohing the unetched  surface it  Y250 
or TlOOn "nd the micr«structure by etching in ellcalW ootisslum 
ferrievr'nide «>nrt ohotoer'Dhing Dt ■ ipgnificetion of 71500. 

Cr'TCLTTSIO>TS 

1.     "he  terhnioue fin^llv «tdooted utilizes the  following 
seouenoe  of ooer^tions! 

a.    (Jrlndlng b" me^ns of n  silicon crbide  wheel with 
the  soeclmen flooded with *   cooious sucnlv  of ■  »»>ter 
solution of soluble  oil. 



b. ManuftHv     drv polishing on  two ^rafie« of boron 
carbide oollshin^ oftDfrs with arided boron carbide 
<?rit. 

c. Finish Doli«hlng wet on diPmond  Imnreenated, 
horizontally rotating,   cloth covered «heels. 
Three  types of cloths are used  in  sequence: 
slllc,   wool broadcloth, and flaillv  Selvjrt or 
Ganal  cloth. 

2,    The  technlqup ado^tpd oprmits: 

a. 'roducin^ of scratch trff  surfaces 

b. Rpt'Jlnine of inclusions 

c. Minimizing of rpllpf nollshin«; 

d. ^pypwline norosltv. 

r.     ''pyonline constltu^nt «rr^lns whpn  sflmnlps arp 
etched with allcallnp not^sslum fprricanldp 

f,     Identlfvln? constltumt  er^lns in  SOIDP  inst^ncps. 

C/^<AJt.Zf X' i\j,pJ. 
Mptallur^ist 

HARCLD (5.  CARTE'» 
Metallurgist 

v I      J 

J08IPH  STOCKE 
^hysl^pl Science Aldp 

APPROVED: 

J.  L.  MARTIV 
Dlrpctor of Laboratory 
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r^onncTiov 

This Lnborator"  Is frfourntlv callrd uoon to r^oort on 
th^ mlcrostructurr   of c^mmt^d c>rbidp  tool  tlos «nd ^^AP 
tun«8trn c^rbld«-  cor*»8.     Du'-  to ihr f-riromr- harf'nfas of 
c^mrnt^d tuii^stpn cnrbld"  BOPrlm^na, difficultir s h^v^ b^fn 
^rorrt^ncd,  pyrn »ftT Ion" orrr>pr'ition  tlmpR,  In oroducln<; 
pood  surf-'cps fo»* ni'-tnl.lofirr'joh< c pr«»mlnntlon. 

Thp ourpoar   of this  Invr stiegt Ion vwa to drvrloo ^  oroc^durr 
for producin«; * a;ood qu^lltv oollah (ffp from acr^tchra, oits, 
rtc),  pconomlc^llv ^nd In •> rr^aon^blr l^n^th of orpo^ration 
tlmo ualn? at-ndTd oolishin? f~aulpnH-nt found in -'ll mpt^l- 
lo^r^ohic l^bor" torirs. 

K rpvipv» of th»'  litprturo  indict» s th^ t cpmpntrd c-Tbid» a 
^v oolishpd on various tvo» s of m« t'l or wooden lnns with boron 
c-rbid*" "nr/or diamond oowd'-r of diff^rfnt do^rr-^a of finpnpas. 
For rr^mplr,   Schrötor    pmplovod c-rborundun po'"dpr follownd bv 
di'mond oovd' r  on at^pl l^pa • nd with "   finer «Tr^dr  of di^mord 
oowd«-r auouort» d  on ■   frit o^d for thr fi"^l  ooliahin^.    Aftpr 
initially -Trindln« '-»ith ■  aillcon  crbidp whrj'lt   Kct    U8pd boron 
crbidp or. cooo'-r l^oa -"d fine diamond oowdrre on wooden l',n8 
for fifl^l noliehin-T.     Th^ u«'   of f'It disV-g  imore^n^t^d with 
diamond nowd^rp  ia mmtionpd b"  "-rodzinalci^.     "'• cKrnzif    "nd 
En.jlp5 rreommppd th^ ua^-  of boron crbid.p followed bv diamond 
oowdrr.    Shutr° praolovp Irrd wooden l^na ST'kpd with olivp or 
nut oil 1morp--n"t<»d with firv<-r-l er^drs of di-mond oowd^r for 
fin-l oolishin--.    Norton    '    %l thia Ara^n^l  initi-'llv nrptrrpd 
a^moles with -   ^i^mond whppl follo'-fd b" ooliahinr or  cloth covered 
disks    u«lng    ▼»rloua tr*'*'« of diamond TjO'-'dpr. 

Thrrr  l-^r^f   V^pricop iPouf^cturTs,  ^h*   ^rbolov Comoin",   Inc., 
F^nstrrl "pfllu^-'icl Coroor"tion, "nd "'ppn^npt^l,   Inc.,  v^rv 
vfirioiv in th^ir TiPtho^s of orpvrinr 'npt'»llo?r',nhic 
iMmplea. Th'yirrlr'lon dl^-ion^ «hp^ls "n^ ooliah on 1*0» node df 
bronze, ip-'^-tin »llo^s,  or t)popr«nd utevrioue »rr^^pe of di"^Tlnn', 

oowdpra.    TVf'lls of thpir "iptho-'s "r^  eivm  in  th^   AcopndiT» 

^o arl^ct ■  troupncp of ot)rrction9 thn t w^uld orovidp s 
s^tiaf^ctorv  flniah with •  ni^tfWI nf ^ff^Ct «n^ rro^nar,   thp 
r'rioua eu'-peti^ns "T^p  in thp litrr" tur« , "n^ b"  thr  "bovr 
•,rnuf0cturpr8,w^r--   trlpd out, uain? «'i^ht tr*6*U of  cpipotp^ c^rbi^p 
t-'ol  tlos for •opclnrna.    Thp orocp^urp th^t w^ s pv^ntu^llv pvolvrd 
is eivpn brlow in dft^il,  but the   ^rn'rinont"!  d'-t"   th^t IrH to 
thr  «rlpcti^n «f th* irrticul^r apquppcr   nf  «orr^tl^na th't ypa 
flnnllv aplpct'-f' T'-  ^nlttfd. 



poLxmm fio&wn 

Sftmoles of ^leht  tvolc«!  commercial  «rades  of cemented 
oarbides were  obtained which contained various amounts  of 
tungsten,   titanium,   columblum,   tantalum,   carbon  cobalt, and 
Iron.     The  chemlc«! annl^ses, nominal coirroosltlon bv weight 
«nd the areas  of oollsh^d surfaces are given  In Tnble  I, 

ThP  standard cuttln«,  grinding »nd metallogr^nhlc oolish- 
Ing machine« were  rendllv edpoted. for thr  nr«5TJPr"11 on of  th^ 
MBDles, 

1. Initial Cutting.     '  diamond cut-off wheel \<B« 
us^d ftr cutting thr  soeclmrns to sultablr-  si«'-,   using plenty 
of viater soluble  oil solution. 

2. Mounting.     All  soeclmens were mounted In unhflrdened 
medium onrbon steel  clamos. 

3. Surface Grinding. 

a. The specimens were ground with a freshly dressed 
10"  diameter "green"  silicon carbide wheel 
(>Torton Grinding \lh.-.-l 4)9080 - 17V),  using 
plent" of watrr  soluble  oil  solution and a 
spindle  tvrrd. of 3^50 rpm. 

b. The  so^clinens were  th^n reground with a 10" 
diameter 100 grit diamond grinding wherl  (Forton 
Tvce -D-IOO-.T-IOO-U 1/16 shat»r   BIT),  using plenty 
of witer  soluble  oil  solution and R  solndle 
sp^ed of 3^50 rom.     (it  should be pointed out  thPt 
fine uniform cuts are fge^ntlal  In the  grinding 
onerations.) 

U.    Drv Polishing 

The  snecimens were polished bv hind on ^320 
silicon  crbldr  or boron corbldr  noil shine 
tyoer placed  or a gl-'ss nl^t^.     \ smnll "mount 
of 60O grit boron crbld«- nowder ("orton 
"omp^nv's  ""orblde") *«B  snriniclpd on th^ 
polishing p^p^r. 



y 

b.     The soeclmens wfre  then reoollshpd bv hnnd on 
*k)0  silicon  cnrblrfe or boron crblde nollBh- 
Ine iWTwr ol^opd on n. rt".as nlate.     K eitnll 
amount  of 800 »rlt boron carbide nowder ("orton 
Cotinnnv'B M>Torblde") v«s STjrlnkled on the noil sh- 
ine naoe^. 

In these ooprntlons  It  Is essential  th-'» t   t^e nollshlne Ty»ner be 
Vrpot  cle^n And the abrnslve erlt shnrt), 

5.    'Vet  ^olishlng;.     Diamond dust hrld bv n   sll^htlv 
molstenrd cloth  Is vprv   satisfactory for the  fln«3l nolishine stms. 

Diamond nowders supoliod bv  Arthur s.   Crnft Com'^nv,  Boston, 
iass.  WPTP usfd and irr   r'oortrd to hav»- thr following oerticlp 
siz^s: 

*1?0 diamond dust    - 150-170 mesh 
#5      diamond dust    -    1V37    microns 
♦7      diamond dust    - 2 "nd finrr microns 

Tinv ninch' a 
oollshln». ^hr fo 
brrn found useful '• 
nowdrr ""»^Inst th»" 
^«»movr thf cork at 
h^yr ndhFT^d, th^n 
1 verv sm^ll ou^nt 
'dd it Ions of th*- d 
oolishine cloth *% 

of the diomond dust hnvr brrn 
llowlne "ü^thod for rddine thi 
- sh-^kf th«-   corV'-d  tub«-  cent'» 

stono» r -nd n turn  th^ tub«- 

onn^r  to which fin«-   crticlra 
br tannin? th»   atonopr ovr r 

itv is tr-'naf^rrrd to thr ool 
i^mond "br^sivr jpv b<   "dd^d 
n''rd<d. 

found  sufficirrt for 
s tlnv olnch h^s 
inine th«"  drv diamond 
to th«1 unright oosltion, 
of thf diamond oowd^r 

th^ enter of thp disk 
ishine: cloth. Purth^r 
in  this mrnn^r to th^ 

""hf-  «"mnlre wr'   first uollshrd   on •   Silk o»* r«von 
cov^r"^ I   or 10"  di^mrtT noliflhln» disk, molst^n^d 
b" fpw droo«? of »fot^r.     \ tin" nlnch of C^ft's 
■'IPO diamond ocd« r *r B  aorinklrd  on thx  c^nt<-'r of 
th'"   covr^d nolishin? disk,     Th"   matt*  «"8 riolishpd 
n^T the crnt'r of th^ disk which v s rot^tin« '•t 
"bout 50-100 rom. 

b.     "h«    s-mnl^s wr<-   thn nollsh<-d  on "   silk or r^-'or 
cov^r'd F  or lO" di-mrt-'r nolishine disk, molpt^n^d 
bv "  frw drons of vrW.     "  tlnv ol^ch of Craft's *5 
diamond oowd'r '<^ s snrinklfd on  thr center of thr 
covrrd TJOI'shine disk.    Thf wnnXr w^s ooliahpd ne-^r 
thp   crnter  of thr disk which ws rot* tine »t »bout 
50-100 rpm. 



c.     'rhp   S^TDOIPS were flnatlv oolished  oj) i  ool1 sh- 
in'? fllak covered with the  finpst erote  of brondrloth, 
Wühler  "Spl^rt"    156!!  ».T<,,  or Fisher '"Xivl"  rloth 
*'\2-2fl2,  moistened with n  few drone of »ter.     ^ 
tin" ninch of  Craft's *7 diamond oowder ws  sorinkled 
on  the  center of the  covered noli shin» disk,    "'he 
8«»imle 1* s nolished  nenr the  centpr of the disk which 
wns  rotating nt nbout 50-1-0^ rnm,     ""hf1  s»molpe WPTP 
vr^sh^d and. dri^d  in »n air blast. 

It   is rrcommrndrd tlvt thp  snmules hr  pr-'minpd und^r thp 
microsc^op at a   maenificytiin of  ^^O for df-n scratches durine 
th«-  w"t  nolishine st"*?«' using #5 <iia'nond nowd^r and aftpr oolish- 
ine with wf diamond oowd^r,   th^  s^mnlr   should hr  scratch-fr^^ at 
•  ma«;nlf icntion  of 'lOOO. 

P'-li^f oolishing mnv result from usin« a nolishing cloth that 
is  too drv.    If  thp nhas' s aonnr  in r^li^f,   it  is rrcommrndrd thflt 
thr  »»imDlr b'^  surf^c^   eround one  mor^ and rrnolishrd.     Th^  structural 
composition of  crrtMn  sanolf s will  c^usf   8001^ ohasfs to show in 
rfli^f fvr-n with thr  Vet polishing t'chnirur. 

If  th«" oolishinp cloth is too w.t  it will cus^  oittine; also, 
thr  diamond "br^siv  «»111 b'   vnsh'd off «nd lost, 

photonicro?r''Dh3 wro  t^kf-n -t 1  n/1 enific»ti^n of ""^O*   to 
show Mi»  Tyrr^T^ omount   "f cof»rs<'   norosit" or^srnt in mch snmnlp, 
"ies. 1,   ^,7,  10,  1^,  16,  1°,  22, »nd "t •  nrenlfic-tion of 1000- 
to rpvfl  thr nyor^c'   "mount  of finr  oorosit", «3 WPII ^B non- 
nrt-lllc  inclusions,  Figp.  2,  '=•,  8,  11.  1'-',  17,  20,  2^, 

■"tchin? of  tho  polished surf^c^s orrspnt^d no difficultv.    All 
S^IOIPS  N^f»   ^tcb^d  In hot "Ik^lin«-  not^s^'um ffrricr^nldr  rtch^nt 
cont^inin'7 10 «rr^ns  of not^sslum Ir^droridr ,  10 (?rr"n8 of potassium 
fprric-'nidr ^nd  100  cc wrtrr.    ^hi« solution  is h^t^  to simmprin'', 
WT to v^-T^rous bollin-T.    ''hotonicroer^nhB •»»•   t^kpn of ihs   nh^sps 
P'-'-s^nt  *% "  m-.-nlfic-tion of n^OO-,  Fi^e.  ^,   6,  Q, 1?,  1^,  If, 21. 
2U. 

mhp  oolishinT method d«~8cribrd  in this r^nort 1 wfcr^aet portions 
of "if thods found  in th«"   litT^turp Td in USP bv  \mpric"n 
-pnufrcturpr8,   with somp  nodific0tlons.     It en rp^dilv b<-  ^onlipd 
to Btf'nd^rd polishinp* ^ouionmt found in npt',llur-'lc',l l^brir^tori«-s. 

•^usch r Loib ^PBPTCh Microacoop 
X250    Ob.irctivr   ^21    (,Uor.A.)    Svppl. CP ^7.5  ("voprplanp) 
nOOO Objpctivr   "58    (.F5T'.\.)    ySrrnircr        no    (Hvprrul-^nr) 
X1500 ObJ^ctivp   TBO     (l.UO TT.A.)  ^vppircr HO     Kmiyp)' 
All photomicro,-rr''Ph8 wrrp  t'-kpn with thlt pquipmpnt. 



It vrs found th"t this orocpdure  oroduces •   oolished surf-ce 
which is frep from scratches ^nd nittlnff ^s sepn under hieh 
m-'^nifiction.    The  sTrnDles c-n be ooliahed In "   re''3on"v"le 
T)reirration time "nd ^re  auit'ble for estimating co^^e »ad fine 
porositv ^nd normet"llic  Inclusions,  -a shown in Fies.  1,   2,  l',  5, 
7,  I,  10,  11,  I3. U,  16,   17,  1Q,  BO,  22 -nd 21, 

It  is believed  th-^t   the oolishine; method drscribed  herein is 
suorrior to rjollshine on various mpt^l,  voodrn,   or  other  tvoes of 
l-'os i^mrr|;n',tpd with diamond tjowdcr,   slncf   it w^s obeerv^d thot 
the l^tt^r methods freoumtlv result  in xsittin? "nd fine   scratches 
'-hich *t* rfv-^l'-d *% nrenific-tlons of y250 -nd v1500. 

"hr ua^  of cloth rovrrd dlpks,   on vhich is  snrinVlori • 
Judicious "mount of diamond powder,  nr'-a'-nts no d^fficultv.    On 
thr   otV1* h^n^,   it  is hrllry^'   th- ^mnlovm^nt of mpt^l "nd othef 
8npci''l t^'ty s of I^TJS TTV  involv   somf   ijfobl^ms,  n^m^l",  nroourr- 
■rnt "nd  tV  cr'   ''nd Dr'Bonrtion of thf l"t)r)ine  surges, 

TVI..  r)hotonicro5rr"Dha of thr   ur.^tch^d 8"miDlrs,   rjollsh^d b"  th^ 
method df scrib^d h^r^in,   rfv>"l   In '   fr<-' c"8''3 ellcht rrlipf nolish- 
ine.    This rr ■" V du*-  to th^ comnoaitlon of thr oh" aes orps^nt in 
th^   8-molf«?,  "R this r^li^f noliahin» rxraistpd "ft^r rpgrindlne 
p^d rroolishlne.     It "rmr"rR in Tigs.  ^, K,   11,  l^, .17,   20 "nd M, 

Thr   r^ suiting nolish^d 8urf"C'-8 of thr  B'molrs invpati^t^d 
wpr    8"tiBf"Ctor' for Rlr"rlv rrvr-llng thp  sh^pr "nd sizr of  thr 
crbide ?r"in8 "nd thr' sr-vr-l T)h"8f a orpaent "ftrr ptchin? In 
hot "lk"linr   not-sslxim fprrlcv nidr.     In thp ohotomicrogr"ohs, 
Fi-ra.   3,  6,  9, 12,  15, 18,  21 "nd.2lj,  "   tvpic"!  tunestpn crbide 
^r".in is lndic"tpd bv "rro'-» "1" -r.d r   solid eolution ph" BP bv 
"rrow "2".     Th'-  cob-"It blndrr "o-i^re «s "   fin»' whltp TP"   aurround- 
in? thf  tun~stpn C"rbidr  -nd aolid aolution ^irinB, 

It h"a bern at" tpd in thp  litPirturp  th" t difficulty h"a Vpn 
PTRfrirncpd in thp  id^ntific"tion of  thp t)h"8r6  Ifl  this tyop of 
n"tpri'"l   slncp  it h"a Vm shown  th^t during the  sintprin? oopr^tion 
"11  tV T"C,   CbC,  "nd TIC form "   eln-rlp T3h"6f "nd Blso  this ph«<8P 
'■'ill   t"kp   in  solid  solutior •  conside^blf   "lount  of VC  .    This 
hr 3 b^pn confirrvd in thp t)hotonlcroer"ph8 dpscribpd in   this r^oort 
sincp  thp  8"mnlrs ',TT,mined cont"in.ln'r v"rious "mounts of T",   ^b, 
"nd Ti show onlv "n "n3rul"r tun^atpn c"rbidp t»h" sr, " roundpd. solid 
solution C"rbidp nh" s»- "nd tV   cob"lt blndpr. 

^tudi' s "pe  in oro?rr88 on th'   mpt"llo"r'ohic  studl'a for ''^-n« 
tin~ulehin«' thr v"riou8 C"rbidp  oh" ape orpsp^t In  c^mpntpd C"rbidPB     , 



'P.rcr,.,tb•, ~ mrt..,llo;!'r.,ohic "lrthocl. h~s bPr-n'd~"V~"loor~ for 
th" invrstl.::tio!'\ of CP"l<>ntf'd c~rl)inf's, 'O"'rticul.,rlv of thP 
svst""l tU!'\·2St~'n C"rbidi'-H t"'niUM C"rbt~~'-COb"ltlO. ~ S~'lf'CtiVf' 
.~tchin-':" rno~nt iS "'O'Ollrf'l ''lhic}- l')Pr"litS thf' r1ist.fnctiO'f" Of difff'rf'nt 
C"'rbirir· Dh"'S"S •o~hich T:li--:-ht b" orrsrnt in this tY'rticul.,.r S"St"JTI. 

BEST AVAILABLE COPY 
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^ollahing of Carbide a - "nrb^lo-r  OoavAiir,   Inc. 

1. 
2. 

firird nn  100 ^rit dlnriond wheel 
Lnrj nn R   bronze met^l wv-.erl with #5 ^i^^ond ^ust with a 
li^-ht  oil  comnoßpd  of a  mirtur«5  of mineral  oil  or  soindle 
oil,   crbon trtrpchloride.     "-jyinum partlcle  pi?p  "f diamond 
oowdrr - 10 microns. 
Clpan witb  so^t) and wntpr 
^oliah on P  nnorr lH clupd ko I  Vtal  dls^ with *7 diamond 
dust uainT wmo licht oil. 
■Paper lao -  Rinclr  ^ypieht ohoto^rinhi c r»p.^r mountrd rnrulalon 
aid»   down,    ^ond pan'r en b^ us^-d, 
^.Tlmum nnrticlt-  eizr  of diamond powd>'r - 3 microns. 
Thf final polish is ace omul ish'^d on a  similar T5aor>r lap using 
e   still finer diamond powder. 

Polishing of Carbidra - Konnamrtal,   In'', 

1. 
2. 
3. 

U. 
5. 

C-rind  on 220 ^rit r.-sin^id bonded diamond cup wh'-rl 
Clean with aoao and vn.tpr 
^olish on a  load-ti^ allo" lap using U.   S. "'atlonal ^ur^au 
of Standards -1^ diamond dust   ^-20 mierors) 
Lao is a   ttmndKrd "bfrbnch for their polishin» tablrs. 
Sorrd of l.io - ^75 rp"1. 
Clean with  sopp and W)tPT 
Polish on another l»af-tin allow lau using U.   B« National 
Pur-'^u of "ttandords #1   dinraond dust (0-2 microns) 
Sp.ed of lop - 210 rpm. 

Polishing of Orhid^s - Fpnaterl Metallurflrio^l   Comorotlon 

1. Lao th^  Bucoimens flAt on P  100 mesh di«>nord imoregn"ted wheel 
2. 'ount the arjeeimers in luclte,    T^ insure flotnega In 

uolishirg e^ch bloc^: should err1'  thr •r  or more ni^cs 
■'i.    Pougb noMfh on ■ est  iron I'n with ^00 meah boron cprbide 
■l,    Polish on H hpre'wood IPQ with fin'-  diamond dust and laoning oil 
f,    7inlBh polish on «  gecend wood lao with thr^ finest diamond dust 

nnd Verosere, 



SAUFU NO.  1. 

Fl«. 1. 

OiatcbM. 1290. 

Qalfora dibtrlbutlm of 
edlua co«rse Rod fite  ^rorlty 

rig. 2. 

Otaetebed. XlUXJ. 

Fin* porosity and SOB« 
fire ncDaet&lllc Inclusions. 

Fl«. 3. 

Etched. X1500. 

SMII and ■edioa slz« angular 
tungstan carbides (1), saall aarunt 

of cobalt binder (whit* WM|« 

Ctebant-Hot alkaline potasKiua frrricyanlde, 

xT-j.     . .    »711 



bUi'U NO, 2, 

Fig. A, 

DMtcbso. X-cSO. 

Otaifara dlstributioo of 
■•aluB coaree ana fine porosity, 

«I 

TU' 5. 

OMtcbMi. X1000. 

F&w fin« noDBttallic inclusions. 
Fine porosity and some 

pnasea in relief. 

Fig. 6. 

Etched.  X15U0. 

Otoifora angular tungsten cerbic«  (1), 
■olid solution phase  (2), snail («Mount 

of cobalt binaer  (white areas). 
Notei Local attack bgr etching reagent. 

Etchant-Hot alkaline potaasiua ferricyanidf'. 

wTN.t   i  -     ' 



' ■ *    ■».■ •? ■  •■< ■ ■ - kr ' % • < 

SAMPLE NO. 3. 

\Jr.i -fry ^•.•.'U^.>-,.>^-<;-1. 

**    . • 

.   *    * 

ng. 7. 

ÜMtchBd. X250. 

Trao« of fir.« porosltgr. 
S«T«rml pbascs shown In relief. 

Flf. 8. 

IfeototaMi. XLOOO. 

Tr»c« of fin« porosity. 
Sorwral phaMt shown in rsllef. 
Fw fin« ncnaatsJlio inoluaions. 

Flf. 9. 

ttehsd. 11500. 

fairi/ largo anfular tungston carbide  (1), 
•olid solution phfcss  (2),  sasll Mount 

of oobeli bindsr  (whiU aroaa). 

Itobant fct «Iknllno potasslua forri<yanid«. 



■ • 

. * ' 

'. 

0« > 

SAMPLE NO. U 

Fig. 10. 

Unetcbed. Xk^u. 

Trac« of fine porosity. 
S«T«ral phases shown In relief. 

Tig. 11. 

Unetched. 11000. 

Trace of fine porosity. 
S«Y«ral phases shown In relief. 
Few fin« nonmatalllc Inclusions. 

Fig. 12. 

Etched. X1500. 

Trace of porosity.      Snal] angler 
tungsten carbide (1), solid solution 

phase  (2), appaaraccr of a outactlo (3), 
cobalt binder  (white). 

Etohant-Hot alkaline  potassium ferric,tri e. 

WTN.'  3 '    ■ '    ■• 



SAKPLE NO. 5. 

ng. 13. 

Onotehed. X25Ü. 

Fin« poroeity. 

Flg. U. 

önetched.  X1Ü00. 

F*w fin« nocMtalllc inclusions. 
Tin« porosity ano son« 
pbJLSSs shown in relief. 

ng. 15. 

Ftoheo. X15ÜO. 

Trao« of porosity.    Snail and Moiun 
sis« «agül«r tungatan oarbida  (1), 
solid solution pbass  (2), and small 

«■aunt of cobalt blndar (whit«). 

Etohant-Hot alkaline potacsiua ferricyanice, 

wT\.oJQ-'i"»ib 



SAMPLE NO. 6, 

• ■. . • v ; 

•• •»" 

r 
m 

n%. 16. 

matched. X250. 

Fin* poroeiV "^^ son«' phases 
shown ID relief. 

PI«. 17. 

Unetched. XlOOO. 

F«* fin* nocuwtallie  inclusiooe. 
Soaa phaass shown in relief. 

b 

Pig. 18. 

Btehed. X1500. 

Fairly larg« tun««ten oarblda (1), 
Solid solution phass  (2), 
cobalt binder  (whita). 

Etchant-Hot alkaline potassiua ferricyanicc. 
t<TN.b39-97|f, 



SAMPLE MO. 7. 

Fl«.  19. 

IlMtohftd. Xkjjü. 

Tree« of fin« porosity. 
SOB« phasos shown ID relief. 

■ 

.-• 

; 

Fl«. 20. 

UnttcbBd. n0O0. 

Tr»c« of flu« porosity« 
SCM phases shown is relief. 

Few fine notaetalllc inclusions. 

Fl«. 21. 

EtoheO.  X1500. 

porosity eTioent, small 
angular tungsten oarkide (1), 

soliu solution phase (2), 
cobalt binder («bit«). 

Btchent-ttot aUcallne potassiua ferricyanidc, 
WTN.630-97I7 



SA-PLE NO.  8. 

■    ■ 

" *.. i,   i 

■« 

,« 

■  r    ■ 

Fig. 22« 

UMtched.  1250. 

Trac« of fin« poroaity. 
Sam» phaeas  shown in relief. 

,1 !• 

•    V: 
ng. 23. 

Unetcbftd. XlOOO. 

Trace of fine porosity. 
Seas phaiee shown In relief. 

Ftw fine naunetallic Inclusions, 

'•> 

Fig. H« 

Etched.  11500. 

SOM porosity evident,  small 
■ngiiler tungsten carbide (1),' 

solid solution phase  (2), 
cobalt binder  (white). 

Etchant-Hot alkaline potassiv« ferrlcyanioe. 
wTN.b.^/-'.-'i- 

■BMHB 


